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0 2d 0 S! 

o m os! 

37,000 a 

1. S^/H- 9A||/H(£a)_1S 
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ZLE]JL E^ig ^Sj-^-^r 2j-*cHH ^ SB^o] ^-tfS)^ ^-g; «^1*H 

£ 4 
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-M-^* ^«l^Rr ^>7l ^ ^ zl z\]3z ^{Magnetic 
Random Access Memory comprising middle oxide layer formed with hetero-method and 
method of manufacturing the same} 

£ 2 ^ £ 3^ £ lofl 7>7] ^ * >7 j E ^ ^ tKMTJ)#£| ^^iq- ^v\] ^ 

^ H o^* iL^^r ^^£1-^1 r4. 

«l*Hr ^>7l ^ MTJ# ^ ^-§- ^rTfltS. iL^^Hr ^SM-oltf. 

7] ^5g 7 fl- ^sfl ^a1*V ^oflofl Aj-g-sl MTJ#sl J±<^^rMr <er^£°lcf. 

£ 10^ £ 9°ll 5*1 MTJ#3|- alii7§>7l ^tr tfls^LS. A>-g-sl MTJ#^ 

£ ll^r £ 10^1 5LA]*> tfl^ MTJf^ w>ol<H^ xl°Hl n}=. ^%>^5}-l- iLo^ 
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£ 12^- £ 9<H1 5.*]?± MTJ#£} *Ho^ 3iSH) ^ ^ *>7l*KKMR)w]£) 

£ 13£r £ 9<^1 JEAl^- MTJf^l <el7>5]^ 3^ ZL^A]7j #Efl6)]^ M TJ 

40:£KE.*fl 7l^r - 42:^^s|-^ 

44:t)]o]h 46:^-$.i ^ 
48: ^ 

50, 54, 64:^11 *f|3 ^<a^ 

52: 3) Bl-oi 56:^^* 

58:£^ 60:*D = 

62:MTJ# 62a, 62d:^ ^ ^ 

62c 62h>:^5|- «j-^nv 

66:«H^. 70:«lHBtel 

80: 5fl^ 
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<22> til-c^ ^> ^ ^ wj-^ofl 3°.^, ^H]^l^ o]^ 

<23> 7>7] ^(Magnetic Random Access Memory)^: 7>7] e^ ^ ^-(Magnet ic Tunneling 

Junction)^(ols:K MTJ^°lel- ^-)^- ^*Hr 7p8^l 7>S|- ^ofl rc)-^ MTJf^ ^ 

% v i^lfe °1-§-sM c-floiEii- 7i^>ji ti^ nflae) ^l-s*), dram4 

SRAM^ JL^*\ ^ ji^^-o] #313 *llS-em ^°1 3 Hell 3 (refresh) -4 

^&°1 HHeI-I- #7l# 7-1^ ^ 5^ ^£ $a^f. 

^fl^]i:Ei(T)5r °H1 ^7l^O.S ^7|5]J1 "0" 5£fe "1"-B)- ^ dlolE^7> 7}^S\^ *V 7fl 
^1 MW(S)A^ ojifLo^c]-. 

<25> £ If , #sfl 7l#ofl o}^. MRAM *flsw 0 v ^ ^-f, ^r£^l 71^(10) -#<H1 

TIMS #^r°l Str^ TlMH ^^#(12)^ zl o^c]] ^Sl^ ^ <S^(14, 16)°1 

^^^4. ti_V£*H 71^(10)^1 i^^l ^ H^liEi(T)7} 

^f- ll^r €^ ^^-^ ^E^Cf. B^fl^liEi(T)7> ^ ^ € 71^(10) 

A o V °-^ JL^l^Ei(T)!- gfe #7J- ^^BV(18)ol ^^^Cf. ^^^-(18)o) 

TllolH 3##(12) ^<g^(18)^.S. g°lfe t-lHEi E]-^l(20)ol Tfl 

°1M 3 ##(12)^ ^^^cf. ^^^(18)^11 JEL^o] ^^ (16) ol 3. 
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^*(22)ol $<«§3th 3-^^(22)^1 ^^^(18)4 ^o]sL 

(24) 7} ^£^(18) ^Hl 5L#^ #^ZL(24)^ ^4 ^#S]^ = 

5L##(26)°1 ^^^cf. sfliE. 5L*i#(26)^ cflolEi efo](20) ^JlS sflJ= 
£^#(26)^ cflolE] 5}ol(20)^l cfl^-S)^ ^oHl MTJ#(S)^1 ^^U, MTJ^(SH 

£41- ^AS MW(S)4 £^#(26)^- m^r *fl2 ^^^-(28)^1 ^ 

€4. ^12 ^<a^(28)ofl MTJ^(S)^ ^#5]^ «H*(30)°1 ^^^cf. 

*fl2 *i<2^(28) ^SLS. wl^^(30)-a- *fl^ «1B ^^(32)^1 ^7} tIHh ^ U A 

t\]o]B\ ^o](20)oll ^*ltr *&^SLS. ^€4. 
<26> £ i^i £ a1^ MRAM°fl ^t>m MTJ#(S)£- £ 2 ^ £ 3^1 5L*}& a} 4 £o] 



<27> 



£ 2*11 ti}<4 ^-ol, sflc 5:^(26)0] ^ ojcd ^-ofl ^ 

(SI), Ei^^ Hflsl<>l ^-(tunneling barrier layer)(S2) ^ -tf-^f ^eV(S3)ol £*Ho. 

3- cf^-, ^-f- *H^(S3) ^Hl MTJ#(S)°1 tr^*Rr *}^3. 

3fl€(M)ol ^^nf. 

<28> e-1^^ tiflelcH ^(S2)^r ^ *M3*r(Sl) ^^}w(M)^^ ^ 

aJ-Aj^l oil- AV^-Al ^o.^M) ^^^4. ^7} -71 7l q]^ ^Ej-^P> A> 

Sr(plasma oxidation), -tt^KUV oxidation), ^>^^5r(Natural Oxidation) lE^b 

A>^.(O zon e oxidation) ^ Al~g-4gtf. 

<29> 3l#3lH, n>^a. 3XflE^(M)-g- M7\ v} + 3.S. ^-71 ^^O.^ 

°1 ^^S\JL, v\^B. 2fl€(M)ol £ 3^1 S.*]& wl-Sf ^-o] 

-£^#(26) ^Ml MTJ^(S)ol Sp^t}. 
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<so> <$&°.S. ^\^}7] o>s^ 7 >i(Ar)7> Af-g-s]^ o)£ 

^(ion milling) ^ , «g4i7>^l- ol-g-*Rr ?i^^z]-w o V^ ^ aV-g-^ o)-^Aiz]- 
(Reactive Ion Etching) «o v ^°l A >-§-^4. 0 ]^H MTJ#(S)€- e|=.J=. .2-5. ( lift-off) 

<3i> o^av^ o_^ j MRAM^l wfle} o] (tunnel ing barrier) ^ Ei^o} ^ 

(spin-dependent )^-S. fo S ^£H°> *r 

4. 

<32> f^Efl 7l#ofl °]tr MRAM^ E^*y nfleM °J-(S2)£r ^"#*b w>sf ^-o] ^e). 

AVS)-, ^Is}-, Aj-O^Jr). ^ SL^ ^ « 0 V^ 0.5. ^-^r^-i- ^Al^ ^ 

^3^r 3^ «V, rz. 3zf^6flAi cf-g-jf ^ 1r^4. 

<33> O.S, #£|-^n> Aj-5). « 0 V^ O.^ ^BVol AV2}-£1^ ^ 4" , ^ ^r^H 

°r3H «8^§€ ^ ^H^-(Sl)^- ^*Rr <?lEi^o] i ( interface )7l. ^V£] 

<H MTJ#(S)^ MR«]7> \£o}x\7]\J- MRAM^l *r 5U4". ^JL cj-s. 

«o^« <L>5f^^ ^-f , n E^^ nfle)^ rt( S2 )^ ^517} 

^■^^ T SUr^l, °1 Si ^<^£ #^5]-o) tg^S)^ ^^ollA-i ^^AV 1-7^ §1- 

Tfl M-ErM-^ ^71 ^1 -g-QJs. ^sj-sf Dll-ol MRAM^l ^ , ^l^rfl MR«1« a 

<34> oj^t!: «fl4ie>7] ^sfl ^a]^ ^oj-o) ^q. 7l . mram^ MTJ#(S)-i- 

^ ^-(Atomic Layer Deposition) ^ (<>1 £ r , ALD 1 ?}' 1 ^ °1 ^s}^ 0)6]) 

cfltr ^Hltr tfl*)-*]-^ JMH#€ ^12001-37444^(2001.6.28, ^1:^7}^ 
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<35> ALD«o v ^^-^ MRAM^ MTJ#(S)# ^*Rr ALD^^I 5Hg# -^tP ^j^L 

-^3*Rr # yfleH ^(S2)* ^tt SiM, 4*<HH ^-71 

<36> «V^o] o] s^^- 7 ]#^ 4^)^ £-*H^ 7fl^*>7l ^ 

. 4^ MRWl7> ^ 0 >^1^ ^ ^ 91^ ^ *\)^*\] $x^. 

<37> r£x$o] ojJfL^ ^ Cf^ 7l#^ 4*)l^r o] &| ^1 ^4 TflS 7^ 

<38> ^- 7 ] 7]#^ 4^1- ^^>7l ^^H, ^- ^-^o. ^ ^. 7fl o^ 

^^llf ^^-^"(AlOx), <£-?-*]Tf *> = ^" ^^"(AlxHf i-xOy) Hi^r € 

^SK v (Fe 3 0 4 )<>14. 
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< 40 > gEth ^71 #5^^ A A ^°) %A%r «H" 

^^q-. 

<4i> m. ^o. Ao v 7] ^.s ^11- ^^71 ^*H, ^ iSo] *V 7fl^ B 

^^l^E^ 7fls] MTJ^-8- ^l^Rr ^>7l igS] ^12: ^ofl &°H, ^"71 MTJf^ 

*Md^, a>^. i^rq., E| ^ £ ^>^O.S- ^ ^ 

=), #7l E)^ A>s]-n^ ALD^^-S., ^71 Cf-g- Afl #^^1- - ^ ^ £ A].^. ^ 

i^E^ «^°.3L ^t^. 
<43> ZLE]ZL #7l 5>^- T^nl- ^E^ ^ ALD"^ ilS. ^ *H=K 0 1 «fl , ^7] 

<44> ^-7] Ei^ AV2}-°}-^ <y-s nl - XJ-^ti^ W^l^- SE^ C AVs)-^-0_ 

<45> ojE^ ^ f^-g; ol^ig, ^^11- 5^^7fl ^^*>^ ZL 

S^JE. &o]is}7} «fl-g-<Hl, MTJ^^l -g-o]sr}jl ^ #0} ^ -o_] ^ 

&t}. ZLSlJl a o V 7 | Ei^^y 4*<MH ^ ^Hf^H ^^-s]^- 3* « 0 V *1 



30-11 



1020030025716 #^ «J*>: 2003/5/14 

^ ZL *fl2: ^-g- t^sH A oMl*>7ll ^^W. o] jq-^oflAi JE^ofl 

<48> s. 4 # #2:^, aVJE^l 7l^r(40)<Hl ^ ^ (Aact ive Area)(AA) ^ ^^(FA) 

^1 ^l^-. l£L^(FAHl ^>5l-^(42)ol olc]-. ^cA>5|.nV(42)A|. 

^^(AAHl 711 o|e ^##(44)^)- ^ ^.eflo] ^ ^(46, 48)^.5. 

H^l^Ei7> ig^^M aV^^l 7l^r(40) #7l H3U*l^-g- £^ *111 %- 

Q ^<£^-(50)°l Al ^^^"(50) ^Ml TflojE ^##(44)^]- 

^oIe^ ^^](52)^1 Xlnf. 

<49> C-flolE-] £}9j(52)£: MTJ^(62H t-flolEU- 7)^f>}7] ^^V *}7)^ , 

£\}o]B\ 7}^X\<>\] ^o] vj\o)K\ e}?J(52Hl <y7>s]^A^ t\]o]B\ 5**1(52) 

MTJ^(62)* -f^>^r *>7l3M ^Aj^Cf. ol^ ; Aj-7l E^]A E ^ 0_I£ Aj-Bfl(off 

state)7V ^cf. 

<so> ^1 ^ ^^^-(50) olei*V ^H^i eKl(52)# m^r ^12 ^^^-(54) 

°1 <8^3<H *lll ^ *fl2 ^^^"(50, 54H1 c-flolE^ 2KK52) ^ ^1°1B 3# 

#(44)S^-Ei ±.^% 7\^\^ o)^^ 3.^^.(5 6 )ol ^sq^ ojcK €-^*(56)* »«fl 
7l H€*l^Ei^ =efl9j ^^(48)^1 s-Efl^( 56 ) o. #Bizi(58)S *fl$) 

^ *112 ^^^(54) ^ 0 H1 5L&^ t-£izi(58)^ ^#5]^ 3fl:= 

(60)°1 t\)o)B\ Hf9J(52) ^-^sl^ 9X^. sfliEL £^#(60)^1 HHeI e}9j(52Hl 
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1020030025716 #^ <H*}: 2003/5/14 

*fl-§-5)fe ^H] MW(62)°1 ^^S)<H 9X^-. MTJ^(62)£r *M^(62a), 

^ H oM^(62b), ^>S|-^-(62c) 31 ^ *F^(62d)^§- ItM. ^ *hS^ 

(62a)£ ^l = ^-(seed layer )^ ^ (pinning)^ (pinned) ^>^-2-S 

E]e}-£- ufolE^-ol^oVol 0.5. ^^^(Ti/TiN) ^o] ti>^S>Cf. Aj- 7l 3]^nV^ 

^^(Anti-FerroMagnetic)^, ^» 1:^ ^f-^l^L, ^ = ^ #*}^ (FM)^ 

, ^ ^(NiFe)^m. ^ *H3sK62d)£ *>7l y^oj o] 7 ^^ ^ 

7l^Hl tcf^|- ^>-H-#7l) £*Rr ^H^H^r ^M^o^ ^) ^ ^^(capping 
layer )o] ^fa] AS 3Hcf. #7l = e] ^V*}^^ u^m- £ ^ = 7fl oj 

*H^JLS ^ 5U tf. ^1* ^"71 =e| #7^^ 3 fE ^(CoFe)5f °1 

Bl# n o V lKlrMn)°l ^ ^ -^j, ,g. 7 ] sgjg^g. M TJ^(62)4 

HlHefo](70)s] ^tr ^S, ^ ^d^, aii^. s.^ ^-l-#(Ta) 

^ SE^ ^-Efl^-(R u )^olcf. aVs]- «o v ^l^-(62b)^r B^ig (62c) °] 4^°H 

A 1 ^ *M^(62a)^ olB^loj^yV ^-#£)^ ^, ^-SfHl^ S>7) 
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1020030025716 ^^ «J*>: 2003/5/14 

(62c)£: #5* #*m(62b)°l u o^^ <W ^ £.5., # ^(Atomic 

Layer Deposit ion ) u o Vl ?K 0 l*r, ALD^^oje}- ^-)o.s ^^1^. ^^(62c) 

^5|-^-(A10 x )<?l wV^W. ^eH4 1=^*8 ^S}-^-(62c) 

(AlxHfi-xOy) ^tt € -^SKKFesO^'ll ^ JEth #7l ^12 'IH^Itt ^Vs)-^ 

^-^m(Al 2 0 3 )5]-^ £o] a}^*}.^ 4^ o & v = D ]- A>sj.^. £ Jf^c]-. 

MTJ#(62)^ £ 4°\) 51^ *} 7 1 fSo|7iqfif cf^ *j-7l ^, ofl^tfl 

flE. £f<?l(52)ol MTJ#(62) ^^ofl ^tijsqji, ulB^<y(70)o] MTJ#(62) a}^^] ^wj 

Tfl^^flA^ *fl 2 ^^s|(54) ^o.S. 3fl= (60) ^ MTJ^(62)# S^r ^3 

^^01.(64)01 tg^s]^ o^cf. zl^Iji MTJ#(62)ol ^H^Cee)^ ^13 

^^^"(64)^1 n^S\o\ 3X^r. ^th *1]3 ^ol^(64) wM*(66)^g- O-ig 

*\ MTJ#(62)4 ^#Sl^r tilH5r<y(70)^ 5£4. °H , wlBBKl(70)^ 

MTJ^(62)* ^^^S. H ^ #31^ £ 41- t2sf^| -£^*>JI, MW(62)# ^ 
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< 55 > E 4* iV^} 71^(40)^1 #^<^(AA) 9i € = ^^(FA)^- ^ W. 

XMH ^##(44)^- 711 °1B ^^#(44) <£<=^ ^<g^(AA)«11 

iii S ^X]<?}(46, 48)* <X^X] «fl>H , ShEXl 7l#(40)Xl H€*1^7> 

^^^cf. #7l H^^liEi^r MTJ#(62)Xl t-HojEiS 7)^ nfl , iLH. #3|7> £U, MTJ 
#(62H 71^ cflolE^l- nfl £ #Bfl7> £t}. 

<56> Tfl^H, &S.jQ 7]#(40) ^oHl ^71 g^r XU ^^^(50)# 

X|l ^^^"(50) #Xl, »>^*>7fl^- 7\}o}3_ ^##(44) *}3. $\^°\] tfl 

-§-£)^ ^Hl XHH. ^#(44)*}- M-^Tll XH^ eK](52)-§: ^^^cf. 31 

5}ol(52)^: MTJ^(62)X1 XHEi# 7)^7] ^ 4 V 7l ClHEi 71^-AHl ^ 

33 917}^. XI 1 ^^^"(50) -#Xl 3HEi ^^(52)* XI 2 ^ 

^^-(54)* ^trx}. <X<>H, XU ^ XI 2 #?i ^^^"(50, 54)X1 tiV£Xl 7] ^(40)3 ±h 
3 <^<X ic#5qi=- ^^^ (56) o. ^^^.cf. €-^#(56)* B^l^i^ = 

eflo] cg^ol ic#^cf. 3.^^(56)^. H ^ #eiZL(58)S *fl£ ^2 #?i ^<£^ 

(54) X] = i£^i#(60)i ^^*Vnf. XI £*l#(60)£r #&|ZL(58) 

^^JL, cfl e1 5j-°l(52) ^^S. ^Wtf. XI = 51*1^(60)3 

^ ^ #X], Wr^^rXfe c-flol^ 5^1(52) *}S. 3^X1 MTJ#(62)-i: ^^^tf. 
<57> MTJ#(62)* ^*Rr ^Xl^Sl 4^^r £ 5 xfl^l 3E 8# ^a^t)-. 

<58> ^i^i , 5L 51- #2^, Xl= £^#(60) 4H1 ^l = sv(seed layer), s^nv £ 3fl 

7>>^^(62a)* <s}«. 7M3°K62a)3 #7l zj- ^ 

^(sputtering) fj-^ 5E^ o]^.ai Ion Beam Deposition)^ ^*h}. 
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^ *M^(62a)£] ^7] ^ 6W ^l^ol oflfe. *\ 7 ] e*^ ^oj)^ Aj-^cg o_a ^ 

(62b 1 ^^ttuf. ^5V ( 62b')^- <^1S l-ol ^nl-^-(Al)^^ 

^ -f-e^*} a)-s|-w 0 i-ai_0 3. °1 ^4, 6°fl w><4 ^-01 

(62a)^ § ^7] ^JEL^ ^ 0 H1 ^Vs}- *K62b) , <i« *fll ^M-fe- ^ 

5KA10xH ^ «<M^(62b)^r ^ ^ 7}^nl- (62a> 6 2d)A>ololl 

£ 7^ ^2^3, ^ « 0 M^-(62b) ^Hl B^*y ^si-(62c) ^ ^ *F^(62d) 
SKK62c)£r ALD^AS. *}#^is\JL, ^ *}>^(62d)£- ^3*8 ^ 

afl^tfl 150°C~500°C w>^-^*l-7ll^ 400°C5. -fM^ ALD^l^l 

^7] ALD *fll «>-§-^«y ^^^-(ADol £ ^ ^11 ^« f^sfoj 

^Vsj- «J-^l^-(62b) S^ofl afll ^ ^^-Al^lcf. Aj- 7l ^ ^n]^- 

^ ^sK^?fl<g3] ^yj-^ S.^}^ s.^ Al (CH 
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3)3 . Al (CH2-CH2- . . . -CH 3 ) £^ Al (CH2-CH2- . . . -CH3H] 4 443 H7> CH2-CH2- . . . -CH 3 S 
4^#<X4. oJc^a^ ^7) ALD afl4sH ^"7) ^4 XU 4^X11; & ^ 

4 «o v 44(62b) S^Xl 44 ^444 Q-Br XU ^Xl ^-7] ALD #*1 X| 71 

*Vcf. cf^-, ^l^( 6 2b) ^-71 XI l £^-Xl4 <g^v)^ #4471 71 

XI 2 ^Xl* ^"71 ALD #4X1 ^g-^4. ^-71 XI 2 4^X]S ^#7l(H 2 0)4 

^(0 3 ) <X A>-g-^ ^ ^0.14, ^^7l7f 4^44. 

<63> <#7] ALD #7l XI 2 4^Xl7 r XI 2 4^X1(47)^ XI 1 4^X1(46) 

4 44^-§-|- <^o.7lXl 44. <X ^14 4efl4 44 ^-§-4X14 <£ ^ ^X ^-71 xl 1 
4^43 34^, (-CH 3 ) 3 4 ^-71 XI 2 4^4(47)3 ^(H)7> «V-§-4<X 4-§- 
(3CH 4 )ol ^3^feiH|, 01 *>-§- J^g-g. fl^cf. ol^xi 44, 44 444(62b) 4X1 
4^i*3 444(62c)<?l ^"l? 444(A10x)°l ^1444. 

<64> [5}.*}- ti>-g-^l] 

<65> Al(CH 3 ) 3 (g) + 3H 2 0(g) > Al 2 0 3 (s)+3CH 4 (g) 

<66> AVsJ. «J-*lnV(62b) 4X1 <£^-u)^ 444* *§4t!: -*7l ALD 44 -& «1)4*H 

^■71 ALD #43.^4 4-7I 4^ M#4 714 XI 71*14. o]*, A>sf. 

4(62b) 4X1 44^ ¥44 t^^lw 444X ^€ X144 4714 4^# 4444. 
<67> E 7^- Xl^r t£^, 4^ 444(62c) 4X1 ^44 4^ 444(62d)£- £4 

44*r #5*44 444(62c) 4X1 =Hl 4444 $J ^4#(capping layer)* 

=£43 -£-3. 3#4<X ^444. 47I Hal 444 4^ 4<il4°.S ^44 ^£ ¥ 
XM43 444* ^H.^-S 3#4<X ^44 &4. 443 % + t ^>7l ^ei 4 
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^-B ^(CoFe)^ ol^-f- nj.^.( IrMn) ^o. £^0.5. ^f^H ^*Hr ^o] 
A. 

^7]2± ^o] ^^-(62c) ^oH] #Y *H^(62d)* ^^tV ^-§-, ^ *H<3 

^(62d) ^Hl ^nV (u l £Al )^. Si^-cJ.. o\o]M\ ^Vo] X\^_ ^jO S AV 7 ) ^Bj-g- 

5fl «H £ 421 MTJ#(62)o] cg*^ t_l^Hr sfl €(80)^- ^^*Vcf. 

2)1^(80)* ^4" ^£LsL sfl-E. 51*1#(60) ^Hl #^sv#(62a, 

62b, 62c, 62d)^g- <%&SL3. ^^rf. -£7^ ^ M-EhHEf. #7} ±\A 

(80)-8: <^(ashing)*}:n. ^H^^ ^^S. ^1^^. 

sfl= S.^i#(60)^ ^ 7>>^ e|(62a) , ^Sf^l:(62b, 62c) ^ ^> VJ f 

s]-(62d)^.S. MTJ^(62)ol € 3}^g- 1- ^ &<=K 

s. 41- ^-S^, o)<% ^o] 311= £^#(60)S] ^ ^H) MTJfK62)^g- 

^^tb ^, ^12 #?> ^^^-(54) 5)1 = £ ^^ (60 ) ^ MTJ^(62)* £fe *fl3 

^^-(64)* 3^th=h *\]3 ^<a^(64Hl MTJ^(62)ol ^H* 

(66)^- q-g-, wl<H*(66)* ^fl-f^ wlHe}^](70)* *fl3 ^<S^(64) -tf 

<7i> <^ofl> 
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<72> av^*V 7\7) S-^, tic} ^fl^o.^ MTJ#3] 

ofl^tfl MRHl» ^^>7l S. 9*1] -EAl*V a}^ £o] MW(o]^, MTJ ^ 

^) %^o] MTJ#4" wlise]-7l ^fl ^25^ 

£ 10°fl £A]*V 404. ^ MTJ#(ol^ ( ^eflo) MTJf^o]^ *}-)-g- ^^^^cf. 

< 73 > £ 9# &^}# , -g- ^*HH A>-g-*V #71 MTJf^H ^ (62a) 

^ ^b}^ « c v^* 3-§-*>^ ElBBr 1401^^01^^.(623-), ^#^-(62a") ^ ^ 
(MiFe)^^ 1 ")* ^^t}-. h^ji ^^o. 

lM*K62b) ^ ^sKK62c)£r 2.^- ^^-(AlOx)^-S. S^^tf 

. °H, ^ «oM^ v (62b)^ i^Bl% w c V^ o_5. ^Bl-(Al)^: #7] 
* ^ ^*}^, ^VsKK62c)^ ALD ^ ^^*V^cf. S*l 7} 

^(62d)£- i3]E^ wj-^ i^H ^(CoFe)^-(62d'), °1b)# ^( IrMn) ov 

(62d") ^ ^l-#(Ta)^-(62d'")-i- tg^s}^. olnfl) ^.ja 

(62a) ^ 7>^Bi-(62d)^ Etl-f-5i-(62a", 62d'")£r ^MItt (Ru)^5- *r & 

<74> *V^, £ 10°fl £AltV ^"71 ^Hfl^l MTJ^-8: £ 9<H] JE-M*}- #^^1 MTJ#°fl*l # 

SI- ^*lsK62b)# ^7^ 3J°li=h 

<75> £ 11 £ 13^- A o V 7 l ^ ^-rgol M TJ^-4 ^EflSl MTJ^l cfl tb ^^1- M-El-^^ 

< 76 > ^1*} 0.3L, £ ll£- w>olol^ ^oj- ^^.ofl 4= ^1-71 ^efl ^1 MTJ#£] 7-1^ ^aj-l- 

uj-El-ufl ^ ^ 2 ZLEfl^-i-(Gl ( G2)-§- ^.^^c-fl, ^1 ZLEflH(Gl)^ ^9] 



30-19 



1020030025716 #^ 2003/5/14 

°fl^ ^2 ZL2fl^(G2)^ ^-71 *>^- «KM tiVcfl 

<77> £ n-g- ^-S^, A]l ^ ^12 H5fl=#(Gl, G2)°l ^^^1 ^ 9X^), °1 

^ ^^Hr *M3^ X}3\. »Jf$o} ^-o^ nfl^ ^ nflo^ aV 7 ) ^ MTJ 

<78> o}Sf ^-o] ^Hflo} MTJ#^ ^% V ^r -tf^H*- T^^S] ^ aj-^oj ^<^^- nfluf tiVcfl 

<79> £ 12^r w>o] <>| ^ qcq. ^^.ofl rtf^. av 7 i M. wv^a) M TJ#^ ^js}-!- u)-bKH^ 

*fl3 ^ ^14 rLeflis-(G3, G4)4 ^1 MR«1^ M"^^ *)l5 ZL5flH(G5)# iL<^§ 

J±<^JI, ^14 neflH(G4)^ -# 7 j 7.}$- nflcq ^-sj. j^o^-cf. 

<8i> £ 121- m ^ ^14 H2fl^l-(G3, G4)^r ^]1 ^ A2 neflH-&(Gl, G2)^ 

<82> o]Sf ^-ol ig^cq MTJ#^ ^-f , ^-<5}«- nfls}. tiV 

tfl nfl MTJ#S] ^*J-ol Tg-e^lji, 4^ *fl 5 ZLSfl^(G5)S. M-Bj-^ ^-o] ^. 
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<83> >fl5 ZLEflH(G5)# #2:*>^ , -g- MTJ#£] MR«1^ ti>o]o^ ofl 

« 100mV°lH 0.13^ ^ 9X^}, ^-tS-^ 13%°}^-. °] ^5L2) 

71^-^1 #EflS* »0»ol ^Efll- ^ olcf. 

<84> £ 13^ ^"71 -S- t^S} MTJ#<H1 ol7>£]^ ti>ol^^ ^<y-o. ^ ( ojj^tfl 

400mVS. JI^l^l ^3HH MTJ^^l o]7>£]^ 7>7RKH)£] igSH 4a ^ 

*fl6 ^ *1]7 ZL2flH-i-(G6 ( G7)* iL<^i=k £ 13^1 5L^*V ^6 ^ *fl7 ZLEfl^l- 
(G6, G7)^ ZLi!fl£o]i| 3go} ^ - 7 flo| nsflHS 

<85> *\]Q ZLHflS(G6)^ ^7) t^S] MTJf^ 7}>^<£| 7>5}- o 0 V^ol ^^srfTll 

<?]7l-^ *}7}%2) M}7)^ ^- 7 ] 7\7}^9\ 7} 7} o] ^ *V cf , 

^^T*fl A i ^71 7H4BV^ ^ « o V^:Ol W>cfl W 0 V*j:Ol ^- 7 ) 7\ 7 }%9\ *\] 7 ] » 

^7>A]^^- nfl<^ MT J^o] ^ ^gj.^ ^ufl ^Olcf. 
<86> 7>7l^ ^7l7> <£ol ^ Jp^ ^-71 *H3 ^ 7.>S|- « 0 >^o] tiVtfl « 0 >^ 

7]- SJ- «}-%V£ oVcfl o 0 V%>o.S 5|<H MTJ^^l T^K^ 7116 

ZL£fl^(G6)oflAl 1- ^ ol^o] H7 fl ^7>^Cf. T^*^ A o V 7 ] 7>7l^-o 1 x-fl 7 ] ^ ~ 7} X) 7 j 

^, °fl?ltfl 7l-7l^-^| ^7l7> -250(0e)* \3<H -300(0e)°fl 7\v\°] 7}^ #7] ^> 

7>5}- Wo> ^ :ol ^ ^ MTJ^o^ ^. o] . 
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*l]7 ZLeflH(G7)fe ^16 zisfl^(G6)^ ^ ^o\)a] aVtfl ^JLS. 

^ ^^-» M-^^cf. xil 7 ^.5flH(G7)^ #7l tg-^o] t}A] 

€ #71 ^>7l^ ^7l# 7\ 7 }^°\ M]7}% OAS. 4 

^-71*1 -M^H ^ ^>%Vo] ^^.O^L 7l7fl5]o1 ^^M-, af^ 

$3 ^ ^H^l Jltf, ^H]£] <^H^i Sfl^£]o]o> *Vcf. afls. E.<^ ^. 

^o] 7]# ^aI^ 7> ^i ^>^ > ^^(62c) ^ ^>5}- ^ 

^l^-(62b)^r MTJ#(62HH ^ ^nv (62a) 62 b)<i) ^ cfs^ 

O]^ ZfL^o] ^ 5 71) ^ ^>7l igoflTE. 3}-g-^- ^ ^Jojcf. HLfh ^ 

^T5]-^(62c)* #7l ^Vsj-^^ Uf^ AVgj.nl- ^ *j| ^. ^ £ olj^ -§^*V <*^g- 

alAVgj.nl- o. s ^ oi^- ^Jolrf. g:^ aJ-s]. ^ BV(62b)£ IH^Itt ^rs}-^ 

^ UjAVsj.nl-o,^ ^ ol^ 5}oj4. nfl^-oll ^ ^njoj ^o}- ^uj 

^ ^HH o]^a} ^}a} ^ ^o) Oj-l^Jl, ^ ^^^o^oj] 7 )yCftQ 7 }^*\ A>^ojj O] 

*fj7, Zl Oj-Sflcfl i^E^ Wj-^nl-^. ^til^Vcf. ^7} ^ 

^1 ALD M^^^S ^71 E) ^5)-^ ^^*>^ ^ olE^lo] 
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n 4^oj|Ai mtj#^ mrw17> ^ ^ 
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1] 

[^^o V 2] 
71 ^. 

3] 

SVHw ^^-(AlxHfi-xOy) SEfe H ^S)-^-(Fe304) < ?l ^ ?^r$°-S. A?} ^ . 
4] 

*fl 1 ^7] ^ *Rr ^ ^^o] £A 

[^*J- 5] 

^ H°l tl: 7fls] H^l^Eisq- *V 7fl^ MTJ#-g- ^l^Rr A?) ^lS ^^^1 

#71 MTJ^ *>^f *H3^, ^ ^1 ^>Sj-^- ^ ^ VJ f *F^# ^*>3 
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#7] *Vst^ Q*\"t ^ m^^uL, -8-71 Cf€- ^ ^ 

[^T 1 * 6] 

*fl 5 *M $1°]*], <&7] ^^Sr r^^Ei^ «o V ^^-S *g^*Rr li^r ^<LS. 

[3^* 7] 

8] 

*fl 5 BE^r all 6 &<>H, ^7] #JfL ^nv^ wj-^ 

3# y o V ^^-S ^^Rr S-^ <5Kr ^>7l 

9] 

[^t 1 * 10] 

5 *<H] $U<>H ( ^-71 ^s}- ^ AVsl-^CAlOx)^.^. ^*Kr ^-1: 

^$°.S. A7] ^ A] 5, wj-^ . 
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1^*1 it *VH^- ^^(Al x Hfi-xOy) ! ^^-^-(Fe 3 0 4 )^-S ^*Rr 3* 
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